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SUMMARY

An investigation was conducted in the Langley 16-foot transenic tunnel to
study drag reduction benefits due to blowing the jet exhausts over the wing for
a transport-type wing<body configuration. In this investigation a combination
of a wing-body model and a powered-nacelle test rig was tested at Mach numbers
of 0.50 and 0.80 at angles of attack from -2° to 49 and jet total-pressure
ratios from jet off to 3 or 4 (depending on Mach number) for a variety of
nacelle locations relative to the wing. In addition, the experimental results
were compared with the prédictions obtained from several theoretical techniques.
Results from this investigation indicate that positioning of the nacelles (non-
metric) can have large effects on the wing-body drag. Some positions yielded
higher drag than the baseline position, whereas others yielded lower drag than
the baseline position. Results from the theoretical investigation indicate that
the theoretical method which utilized a guasi~vortex-lattice for the wing and
wing-jet interaction in combination with a jet entraimment model gave generally
reasonable predictions of the drag increments.

INTRODUCTION

The nation's fleet of transport aircraft is becoming evermore dependent on
foreign 0il for its fuel supply. There are also increasing demands for the
fleet to be more environmentally acceptable. The need for technology to design
and build a new generation of transport aircraft to meet the twin challenges of
reduced fuel consumption and environmental acceptability has become acute. As
a part of an overall program to develop this technology, NASA has a concerted
effort underway in the area of propulsion system integration, one area of empha-
sis concentrating on unconventional engine arrangements. One of the most prom-
ising of these unconventional configurations is the over-the-wing (OTW) arrange-
ment in which the engine nacelles are supported on pylons above the wing upper
surface. The effect of blowing a jet above a lifting surface was first investi-
gated during World War II (ref. 1) in regard to jet flow over tail surfaces.
However, it was not until recently that this type of configuration was consid-
ered for transports. (See refs. 2 and 3.) This consideration was due pri-
marily to the expected noise reduction resulting from the shielding of the jet
exhaust by the wing. 1In these investigations, it was discovered that, in addi-
tion to the anticipated noise reduction, this type of configuration arrangement
resulted in increased lift and reduced drag. As a result of these aerodynamic
gains, the VFW 614 was designed and built with OTW nacelles. (See ref. 3.)

More recently, this configuration arrangement has been investigated for super-
sonic transport (SST) configurations. (See refs. 4 to 6.)

Although the VFW 614 is flying with OTW nacelles and data have been pub-
lished for SST configurations with OTW nacelles, there is a scarcity of pub-
lished data on subsonic transport configurations. This lack of available
exper imental data has hindered the verification of the various theoretical tech-
niques (refs. 7 to 12) which have been developed to predict the performance



gains from these types of engine arangements. In an effort to alleviate this
problem and to gain further insight into the mechanisms involved, an experi-
mental investigation was initiated in the Langley 16-foot transonic tunnel.

In this investigation the movable nacelle support mechanism first used in the
investigation of reference 4 was modified to incorporate nacelles typical of
high-bypass~ratio turbofan engines. By use of this mechanism, an existing wing-
body model typical of a subsonic transport configuration was tested with the
nacelles positioned over the wing in several locations. The results of this
investigation were reported in reference 13. Unfortunately, interference from
the supporting/translating mechanism for the nacelles invalidated the measured
total drag data, and only induced drag data were presented. These data, how-
ever, showed that the induced drag for most OTW nacelle configqurations tested
was lower than that for the basic wing-body. Because of these favorable
effects, a second investigation was initiated. 1In this investigation, the
results of which are presented herein, the boattailed aft fuselage of the model
of reference 13 was replaced by a cylindrical aft fuselage with body and base-
pressure instrumentation. With this type of fuselage, the interference from
the nacelle supporting/translating mechanism should be limited to changes in
base pressures. It should, therefore, be possible to eliminate the nacelle
supporting/translating mechanism interference on the model drag by correcting
for these base-pressure differences. The revised model was tested in the
Langley 16-foot transonic tunnel at Mach numbers of 0.5 and 0.8 at angles of
attack of -2° to 4° with jet total-pressure ratios from jet off to a maximum of
4, depending on Mach number and using room-temperature high-pressure air to sim-
ulate the jet exhaust. The locations of the nacelles relative to the wing were
chosen on the basis of the data of reference 13.

SYMBOLS AND ABBREVIATIONS

b wing span, 91.44 cm
Cp drag coefficient
Cp,o drag coefficient at zero 1lift
Acp drag coefficient increment, Cp ~ Cp,o
Cp 1ift coefficient
Cn pitching-moment coefficient
P - Py,

Cp pressure coefficient, ———m

9
c wing mean aerodynamic chord, 16.21 cm
D nacelle exit diameter, 5.08 cm
Exp exper imental



J.0. jet off

1 axial distance from nose of fuselage, positive aft

M Mach number

NPR nozzle pressure ratio, pt'j/p°°

OTW over the wing

P static pressure on fuselage

Pt,j jet total pressure

Py free-stream static pressure

q, free-stream dynamic pressure

R radial distance from centerline of nacelle

S wing area, 0.139 m2

s axial distance from model station 80.77 cm, positive aft
X axial position of nacelle exit with respect to local wing leading

edge, positive aft

Xn axial distance from nose of nacelle, positive aft
vy spanwise position of nacelle exit with respect to model centerline
z vertical position of nacelle exit with respect to wing chord plane,

positive up
o angle of attack

o) meridional angle about model axis, positive clockwise when viewed
from rear, 0° at top of model

APPARATUS AND PROCEDURE
Wind Tunnel

The investigation was conducted in the Langley 16-foot transonic tunnel,
which is a single-return, continuous-flow, atmospheric tunnel. The test section
is a regular octagon in cross section, with slots at the corners of the octagon.
The tunnel speed can be varied continuously from a Mach number of 0.20 to a Mach
number of 1.30. Further description of the Langley 16-foot transonic tunnel can
be found in references 14 to 16.



Models and Support System

The wing-body model with nacelles and nacelle supporting/translating appa-
ratus mounted in the Langley 16-foot transonic tunnel is shown in figure 1. A
sketch of the wing-body model is shown in figure 2. The body of the model was
123.95 cm long and had a maximum diameter of 12.45 cm. The wing was swept back
359 at the quarter chord and had a wing area S of 0.139 m2, an aspect ratio of
6, an NACA 63A008 airfoil section, a span of 91.4 cm, a root chord of 21.77 cm,
a tip chord of 8.71 cm, and a mean aerodynamic chord of 16.21 cm. The two
nacelles were each 44.45 cm long and had a maximum diameter of 7.11 cm and a jet
exit diameter of 5.08 cm. The nacelle supporting/translating apparatus allowed
3 degrees of translational freedom in locating the nacelles relative to the

wing.

Instrumentation and Tests

The wing-body model was mounted on a six-component strain-gage balance
which was used to measure the aerodynamic forces and moments. The nacelles
and their supporting/translating apparatus were nommetric. "In addition to the
balance, the top of the aft fuselage was instrumented with 17 static-pressure
taps, 2.54 cm apart, in a row starting at model station 80.77 cm. The base
was instrumented with four base-pressure orifices, and the balance cavity was
instrumented with two static-pressure taps to facilitate adjustments to the
balance data to free-stream static pressure at the base and in the cavity.

Tests were conducted in the Langley 16-foot transonic tunnel at Mach num-
bers of 0.5 and 0.8, at angles of attack from -2° to 49, with nozzle total-
pressure ratios from jet off to 3 at M = 0.5 and jet off to 4 at M = 0.8 to
simulate realistic plume shapes at these Mach numbers. To facilitate the deter-
mination of propulsion induced increments, if desired, the lowest jet on nozzle
pressure ratios tested (1.2 at M = 0.5 and 1.5 at M = 0.8) were chosen to
simulate those from a flow-through nacelle. Grit was applied to the nose and
wings of the model according to the methods of references 17 and 18 to insure
turbulent flow at all test conditions. With the nacelle support apparatus
allowing 3 degrees of translational freedom in locating the nacelles relative
to the wing, the wing-body model was tested with the centerline of the nacelle
exits in a variety of locations as shown in the following table:

z/D of -
/D 0.511.0] 1.5 1.0
0.25b/2 0.5b/2

=1 X

0 X X X b4

1 b4 b 4

1.5 X

2 X

3 X




PRESENTATION OF RESULTS

The results from this investigation are presented in the following figures:

Figure

Determination of a baseline . . ¢ ¢« ¢ ¢ ¢ o « o o o o s o o o a s o 3
Effect of nozzle pressure ratio on wing-body aerodynamics . . . . . . 4 to 13
Effect of nacelle-exit vertical location on ﬁing-body aerodynamics . . 14
Effect of nacelle-exit span location on wing-body aerodynamics . . . . 15 to 16
Effect of nacelle-exit longitudinal location on wing-body S

aerodynamics . . .+ ¢ 4 4 o ¢ .+ ¢ 2 2 e & 4 o o o = s s 2 s e s e e o 17 to 18
Effect of nacelle position at Cy; = 0.3 on wing-body drag . . . . . . 19
Effect of nacelle installation and jet operation on aft-fuselage

PreSSULES =« o & « = s s o s s o s s o o s o s o o o o o o o o o o = 20
Camparison of experimentally and theoretically determined drag

increments . . v 4 4 ¢ 4 4 4 e e e 4 s s e s e e e e e e e e e e 21
Effect of nacelle shape on theoretically determined fuselage

pressure coefficients . . . ¢ ¢ 4 4 4t e 4 4 e s e e e o o s 4 e s . 22

DISCUSSION
Baseline Determination

To assess the effectiveness of OTW nacelles in reducing drag, a baseline

must be established with which comparisons can be made. 1In reference 13, model

total drag coefficients were not presented. Only induced drag coefficients
were presented because of an interference effect from the nacelle supporting/
translating apparatus which propagated forward and changed the pressure field
felt by the boattailed aft fuselage. This change in the pressure field thus

changed the measured drag on the model. Thus, interference varied with nacelle
position as the supporting/translating apparatus changed position. Since there

was no pressure instrumentation on this aft fuselage, there was no way to cor-
rect the drag coefficient data for this effect. For the current investigation
a new cylinmdrical aft fuselage was constructed with extensive pressure instru-
mentation. With this cylindrical fuselage, the primary area affected by the
drag interference should be the base, and with the base-pressure measurements,
correction for this interference is possible. To assess the effect of the
nacelle support system, the nacelles, nacelle support booms, and pylons were
removed, leaving only the aft supporting/translating mechanisms. Tests were
made with these supports in the locations corresponding to the locations for
the various nacelle positions (a total of 10). The data obtained are shown in
figure 3 at both M = 0.5 and M = 0.8. As can be seen, the lift, drag, and

14



pitching-moment coefficients, after correction for base-drag effects, are not
significantly affected at either Mach number by movement of this supporting/
translating apparatus. Virtually all the data fall within the normal wind-
tunnel accuracy of *0.5 percent. Therefore, the average coefficient curves
(both M = 0.5 and 0.8) for the 10 runs, plotted as solid lines in figqure 3,
will be used as the baseline for compar ison purposes in succeeding figures.

In addition, as a further check on the effectiveness of the base and cavity
corrections, the wing-~body was tested with the supporting/translating apparatus
removed, and these data are plotted as the dashed lines in figure 3. Again,
these data fall well within *0.5 percent.

Effect of Nozzle Pressure Ratio

Wing-body 1ift, drag, and pitching-moment characteristics of the various
configurations are shown in figures 4 to 13 for the various nozzle pressure
ratios investigated at both M = 0.5 and 0.8. The effect of nozzle pressure
ratio on each individual configuration will not be discussed but the effects on
a typical configuration (x/D =1, 2y/b = 0.25, 2z/D = 1) shown in figure 6 are
discussed. For the range of pressure ratios investigated, a large increase in
drag coefficient occurs when the jet is first turned on, with generally only
slight changes as the pressure ratio is increased above the simulated flow-
through nozzle pressure ratios. When compared with the baseline, it appears
from these data that the solid blockage interference effect of the presence of
the nacelles and low energy wake is highly beneficial to the wing-body drag, and
operation of the jet tends to reduce this beneficial effect. Although the large
beneficial interference effect of the installation of the nacelles was not
totally anticipated, the effect is seen for most of the 10 nacelle positions
tested. Whether there is a corresponding detrimental effect on the nacelles
themselves is unknown since the nacelles were, of necessity, nonmetric. Another
interesting but smaller effect is seen, especially at M = 0.8; the drag curves
remain essentially the same for jet-on nozzle pressure ratios of 3 and below,
whereas the drag at a nozzle pressure ratio of 4 is higher. It is believed that
this phenomenon is an indication that the jet plume has spread sufficiently at
the high nozzle pressure ratio so that it hits the wing and results in a scrub-
bing drag and possibly a wave drag that are not found at the lower nozzle pres-
sure ratios. Care should, therefore, be exercised in the design of full-scale
aircraft configurations to insure that the plume at the engine operating nozzle
pressure ratio will not impinge on the wing.

As with drag coefficient, there is a relatively large effect on nose-down
pitching moment when the jet is turned on, and then only very minor changes with
increases in nozzle pressure ratio. Jet operation has only a small effect on
the stability of the configuration. The lift curves generally show only small
changes in level with nozzle pressure ratio but retain approximately the same
slope. These results are encouraging in that there are no large changes in sta-
bility which would have to be dealt with for a configuration utilizing this type
of engine arrangement.

Since changes in nozzle pressure ratio, once the jet has been turned on,
have only small effects on wing-body aerodynamic characteristics, all further
compar isons between various nacelle positions will be presented at constant
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values of nozzle pressure ratio. It is anticipated that a typical future
high-bypass-ratio engine will deliver a constant total-pressure rise factor of
approximately 1.6 over its subsonic Mach number operating envelope. This total-
pressure rise factor translates into nozzle pressure ratios approximately 2.0 at
M=0.5 and 2.5 at M = 0.8. These, then, are the nozzle pressure ratios at
which the comparison data will be presented.

Effect of Nacelle Height

The effects of nacelle-exit vertical location on wing-body characteris-
tics at Mach numbers of 0.5 and 0.8 for configurations with the nacelle exits
at x/D =0 and 2y/b = 0.25 are shown in figure 14. As would be expected,
the configuration with the nacelle exits at z/D = 0.5 (equivalent to upper
surface blowing) has the highest drag because of the scrubbing drag associated
with the jet washing the wing. The two other configurations exhibit progres-
sively lower drag as the nacelles are raised above the wing. The trend for
nacelle height above the wing, therefore, is that as the nacelles are raised
above the wing, and hence as the jet moves away from the surface of the wing,
the drag is reduced. However, in the range of cruise lift coefficients around
0.3, the drag of the z/D = 1.5 configuration is not much lower than that of
the z/D =1 configuration, especially at M = 0.5. The effects of nacelle-
exit vertical position on the wing-body 1ift and pitching-moment characteristics
are small at both Mach numbers.

Effect of Nacelle Span Location

Nacelle-exit span-location effects (span locations of 2y/b = 0.25 and 0.5)
on wing-body aerodynamic characteristics for configurations with z/D =1,
x/D = 0, and x/D = 1 at Mach numbers of 0.5 and 0.8 are shown in figures 15
and 16. For both x/D =0 and x/D =1 configurations, there are significant
reductions in drag when the nacelles are moved outboard. It is believed that
there are at least two factors which contribute to the benefits seen from the
outboard location. The beneficial solid blockage interference from the presence
of the nacelles can propagate further over the wing before interacting with the
effect of the body. Also, the flow-channeling effect due to the proximity of
the nacelle and body is eliminated by the outboard placement.

At this point, it should be mentioned that at 1lift coefficients near 0.3,
the drag of the x/D = 0 configuration with the nacelle exits at z/D =1 and
2y/b = 0.5 is lower at both M = 0.5 and 0.8 than that for the baseline wing-
body. At x/D =1, both the 2y/b = 0.25 and 2y/b = 0.5 configurations have
lower drag than the baseline wing-body over almost the whole Cp range, the
2y/b = 0.5 configuration having substantially lower drag than the baseline in
the range of lift coefficients for cruise. Since it was shown in figure 6 that
for the conditions considered herein, jet operation has a detrimental effect on
wing-body drag, these improvements in drag over the baseline wing-body must be
due to a very large beneficial interference effect on the wing caused by the
presence of the nacelles. As mentioned before, whether there is a correspond-
ing detr imental effect on the nacelles themselves is unknown since the nacelles



were, of necessity, nommetric. Further research is necessary to determine the
corresponding forces and moments on the nacelles of configurations incorporating

this type of engine arrangement.

Although there are large effects of span location on drag, the lift and
pitching-moment characteristics for these configurations (as well as previously
discussed configurations, which do not exhibit reductions in drag that are as
significant as these) change only slightly, if at all. The trend in pitching-
moment coefficient with span location for both x/D =0 and x/D =1 config~
urations is for the configurations to have more nose-down moments at 2y/b = 0.5
than at 2y/b = 0.25, whereas the slope remains about the same at both posi-
tions. The slopes of the pitching-moment coefficient curves for all four con-
figurations are somewhat less than that for the wing-body alone. The effect of
spanwise movement of the nacelles on the wing-body 1ift coefficient is small at
both x/D =0 and x/D = 1. In addition, the lift curves for all four config-
urations are very close to that of the baseline wing-body.

Effect of Nacelle Longitudinal Location

Figures 17 and 18 present the effect of nacelle longitudinal location on
wing-body aerodynamic characteristics for configurations with the nacelles at
2y/b = 0.25 and 0.5, respectively (z/D = 1 for all configurations). As can be
seen from figure 17, this position variable was extensively investigated at
2y/b = 0.25. This extensive investigation was due in part to the results from
the test reported in reference 13 which indicated that moving the nacelles aft
caused a reduction in induced drag. The current data indicate that as the
nacelles are moved aft from x/D = -1, the drag polars initially tend to change
so that the drag coefficients at cruise 1lift coefficients (e.g., 0.3) are lower
as the nacelles are moved aft. At nacelle exit locations of x/D 2 1 aft of
the leading edge, the shape of the drag polars begins to change so that there
are cross-overs in relative position with different nacelle exit positions hav-
ing lower drag at different lift coefficients. Also the relative positions of
the polars are not exactly the same at both Mach numbers. However, at both
M = 0.5 and 0.8 and at lift coefficients above approximately 0.2, the
x/D = 1.5 configuration has the lowest drag of any of this series. 1In addi-
tion, when the nacelle exits are moved from x/D =2 to x/D = 3, the general
trend of a reduction in drag with aft movement is reversed. The reason for the
reversal in trend is not clear at present. It should, however, be noted that
several of the configurations with nacelle exits aft of the leading edge have
drag coefficients in the cruise range which are lower than the baseline wing-
body drag coefficients for both Mach numbers investigated. This result again
indicates that at these positions, the beneficial inter ference effect from
the presence of the nacelles more than overcomes the adverse effects of jet
operation,

At the 50-percent semispan position (fig. 18), only two axial nacelle-exit
locations were investigated: x/D =0 and x/D = 1. As with the 2y/b = 0.25
configurations, the x/D = 1 configquration has substantially lower drag than
the =x/D = 0 configuration at both Mach numbers. Although the optimum axial
location at 2y/b = 0.5 was not determined, the x/D =1 configuration does
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have the lowest drag of any of the nacelle-exit positions tested, and the drag
is substantially below that of the baseline wing-body.

At both 2y/b = 0.25 and 0.5, there are only minor effects of nacelle lon-
gitudinal location on wing-body pitching-moment coefficient with the exception
of the configuration with x/D =3 at 2y/b = 0.25. PFor this configuration,
there is an increase in the nose-down pitching moment over that for the other
configurations at both Mach numbers. The causes for this shift are probably the
same as those for the reversal of the drag coefficient trend with this configu-
ration and, as such, have not been identified. Aft movement of the nacelles
caused an increase in lift at zero angle of attack without changing the lift-
curve slope for all configurations at both 2y/b = 0.25 and 2y/b = 0.5.

Effect of Nacelle Position at Cp = 0.3

Summary plots of the trends in wing-body drag with nacelle position at a
typical cruise Cp of 0.3 for both M = 0.5 and 0.8 are shown in figure 19.
Figure 19(a) shows the effect of nacelle vertical position at x/D = 0 and at
2y/b = 0.25, with the z/D = 1.5 configuration having the lowest drag of this
series. No positions above 2z/D = 1.5 were tested, but the shape of the curves
at both M = 0.5 and 0.8 indicate that possibly the minimum drag coefficient
has been reached. Figure 19(b) shows the effect of nacelle-exit span location
at both x/b =0 and x/D =1 for configurations with z/D = 1. As mentioned
in the previous discussion, the trend is for the wing-body drag coefficient to
be reduced as the nacelles are moved outboard. Figure 19(c) shows the effect of
nacelle-exit longitudinal position on wing~-body drag coefficient for configura-
tions with 2y/b = 0.25 and z/D = 1. Again, the x/D = 1.5 configuration has
the lowest drag for this 1lift coefficient of all the longitudinal positions
tested at 2y/b = 0.25. Also indicated in figure 19 is the drag of the baseline
wing-body configuration at Cp = 0.3 and, as can be seen, there are several
nacelle locations with jets operating which yield lower drag than the baseline
wing-body configuration.

Aft Fuselage Pressures

The pressure coefficients measured with the row of static-pressure taps
along the top of the aft fuselage are shown in figure 20 at both Mach numbers
and an angle of attack of about 0°. Two general comments can be made concern-
ing these data. For all configurations, the installation of the nacelles
results in higher pressure coefficients over most of the aft fuselage whereas
the operation of the jets reduces the level slightly. This condition corre-
sponds to the effects in wing-body drag, as shown in figure 6. When the
nacelles were installed, the drag was substantially reduced but jet operation
had a detrimental effect. Also, the two aftmost nacelle positions tested at
2y/b = 0.25 (x/D = 2 and 3) show very large positive pressure rises toward the
beginning of the aft fuselage with the installation of the nacelles. This
result appears to provide some insight as to the possible mechanism by which the
installation of the nacelles yields drag reductions, that is, by propagating a



positive pressure field over the wing and body. The configurations which
have the lowest drag have this positive pressure field over the wing (e.g.,
x/D = 1.5 at 2y/b = 0.25).

Theoretical Investigation

There are several theoretical methods which have been specifically devel-
oped to predict the drag increments due to the use of jets blowing over a wing.
Campar isons of the drag increments predicted by the methods of references 7, 10,
and 12 with the experimental data for the 10 configurations tested are shown in
figure 21 (M = 0.5, pt’j/p°° =2.0 and M = 0.8, Pt,j/Rm = 2.5). The method
of reference 7 uses a vortex-lattice representation of the wing lifting surface
and a line sink-source distribution to simulate the effects of the jet exhaust
on the wing lift and drag. The method is limited to those cases where the jet
exhaust does not intersect or wash the wing. The method of reference 10 uses
a quasi-vortex-lattice representation for the wing and wing-jet interaction due
to differences between the jet and free-stream dynamic pressures and Mach num-
bers in combination with an entrainment theory for the effects of jet entrain-
ment on the wing. The method of reference 12 is the same as that of refer-
ence 10 with the addition of the capability of including the fuselage. Both of
these methods allow the jet to wash the wing. However, these three methods do
not include the nacelles in the calculations.

Generally, all three methods are somewhat optimistic with regard to the
predicted drag increments. The method of reference 10 generally gives reason-
able predictions; the method of reference 7, somewhat worse predictions (not
shown for all configurations tested); and the method of reference 12, the poor-
est predictions of the drag increments. The reason for the deterioration of
prediction capability with the addition of the fuselage in going from the method
of reference 10 to that of reference 12 is not completely clear. However, it
must be noted that the instructions in reference 12 state that the wing should
not intersect the fuselage, but when a test case (not shown) was run with the
wing going to the centerline of the fuselage, the results were essentially the
same as the results from reference 10. This result suggests that perhaps the
fuselage contributions are not being handled correctly. 1In all cases, the addi-
tion of a method to calculate the effect of the nacelles on the configuration
would probably improve the theoretical predictions since the experimental data
show that the nacelles themselves have a large effect on the wing-body drag.

In addition to the comparisons which were made with the theoretical meth-
ods, a further theoretical investigation was undertaken. Since the jets in the
exper imental investigation were simulated by high pressure air, the nacelle
inlets could not be simulated and the nacelle forebodies were smoothly faired to
a point. There was some concern that this fairing would result in an unrealis-
tic interference effect on the wing-body which would thus invalidate the drag
reduction results found during the investigation. To insure that this was not
the case, a three-dimensional panel aerodynamics method was exercised. (See
ref. 19.) A number of configurations were examined by using this method,
including fuselage alone, fuselage with nacelles and jets, fuselage with
nacelles and jets with the nacelles extended far forward as cylinders to simu-
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late the inlet stream—-tube, wing-body with nacelles and jets, and wing-body with
nacelles and jets with the nacelles extended forward. Typical fuselage pressure
coefficient results from this investigation are shown in figure 22 for ¢ = 15°
and 165° for both the fuselage and wing-body configurations at M = 0.5 and

a = 0°. As can be seen in the region of the fuselage where there is a forward-
facing area, the pressure level is higher over most of this area for the config-
urations with the pointed-nose nacelles than for the extended nacelles. This
condition means that the suction on the fuselage nose is less; hence, the drag
of the configuration is greater than if the inlet had been in operation. There-
fore, the drag reductions found during the experimental investigation should
actually be conservative,

CONCLUDING REMARKS

The current investigation of the effect of over-the-wing nacelles on wing-
body aerodynamic characteristics has indicated a number of significant results.
Jet operation has a detrimental effect on wing-body drag when compared with jet-
off levels for this type of configuration arrangement. However, the interfer-
ence on the wing-body due to the presence of the nacelles is beneficial so that
in some cases the drag of the wing-body with nacelles and jets operating is
lower than that of the baseline wing-body. (It should be noted that the
nacelles were not metric and, as such, it was impossible to ascertain their
direct effect.) Of the configurations investigated, the one with the lowest
drag had the nacelles installed at x/D =1, 2y/b = 0.5, and 2z/D = 1 where
X, Y, and 2z are the axial, spanwise, and vertical coordinates; b is wing
span; and D 1is nacelle exit diameter. Of the configurations investigated
at 2y/b = 0.25, the configuration with x/D = 1.5 and 2z/D = 1, had the lowest
drag in the range of typical cruise 1lift coefficients. Concurrent with the
beneficial effects on wing-body drag, the effects of the nacelles on wing-body
1ift are generally small and beneficial when compared with the lift of the base-
line wing-body. The effects of the nacelles on wing-body pitching moment are
also generally small. Therefore, the drag benefits from this type of configura-
tion arrangement may be accrued without any extreme trim drag penalty. Results
from the theoretical portion of this investigation indicate that the theoretical
method which utilized a quasi-vortex-lattice for the wing and wing-jet inter-
action in combination with a jet entraimment model gave generally reasonable
predictions of the induced drag coefficients for this type of configuration
arrangement. Also further theoretical investigation indicates that the drag
reductions from the experimental data are conservative.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

July 6, 1979
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Figure 2.- Sketch of wing-body model. All dimensions are in centimeters.
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Figure 2.- Continued.
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Figure 9.- Effect of nozzle pressure ratio (NPR) on wing-body aerodynamic charac-
teristics for the configuration with x/D = 3, 2y/b = 0.25, and z/D =1,
J.0. denotes jet off.
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Figure 10.- Effect of nozzle pressure ratio (NPR) on wing-body aerodynamic charac-
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2y/b = 0.25, and z/D = 0.5,
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Figure 15.- Effect of nacelle-exit span location on wing-body aerodynamic
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